Gastrointestinal stromal tumor (GIST), which is associated with mutations in KIT or a platelet-derived growth factor receptor, alpha polypeptide (PDGFRA), is the most common mesenchymal tumor of the gastrointestinal tract. 1 A definitive diagnosis of GIST is important to ensure administration of effective drugs, such as imatinib mesylate, and immmunohistochemical staining for c-Kit or DOG1 is useful for the diagnosis. According to previous studies, cytokeratin (CK) expression is a rare event in GISTs, [2] [3] [4] [5] [6] so they can easily be misdiagnosed as other epithelial or epithelioid mesenchymal tumors. In such cases, a diagnosis of GIST can be made when DOG1 immunoreactivity or mutation of KIT or PDGFRA are observed.
CASE REPORT
A 44-year-old man was referred for evaluation of pain in his right foot. Laboratory test results, including electrolyte levels and blood-cell counts, were all within normal range. Computed tomographic (CT) angiography of the lower extremity showed a well circumscribed mass with central cystic changes in the pelvic cavity, measuring 7.3 cm×7.1 cm. The patient did not complain of abdominal discomfort, and he had no specific familial or medical history of GIST.
The patient underwent a segmental resection and anastomosis of the small bowel. The mass abutted on the peritoneal surface of the small bowel, 150 cm apart from the ileocecal valve.
Macroscopically, the mass was located on the serosal surface of the small bowel. It showed hemorrhage and necrosis in the center. The peripheral solid portion was tan-gray and soft in consistency. The central hemorrhagic and necrotic area was ragged in appearance (Fig. 1) . Microscopically, the hemorrhagic and necrotic portion was exclusively composed of epithelioid cells. The peripheral solid portion revealed both epithelioid and spindle cells. There was no transition area between the epithelioid and spindle-cell areas ( Fig. 2A) . Mitotic figures were found at more than 10 per 50 high-power fields in both epithelioid and spindle-cell areas. According to the National Institutes of Health (NIH) consensus criteria, 1 the lesion was graded as a high risk of aggressive behavior.
Immunohistochemistry was performed in an autostainer (BO-ND-MAX, Leica Biosystems, Nussloch, Germany) using the following primary antibodies: anti-c-Kit (1:50, polyclonal, Dako, Glostrup, Denmark), anti-CD34 (1:200, QBEnd10, Dako), anti-CK (1:200, AE1/AE3, Dako), and anti-DOG1 (1:100, K9, Novocastra, Newcastle Upon Tyne, UK). The epithelioid cells were immunoreactive for CK, c-Kit, and DOG1 but not for CD34. The spindle cells were immunoreactive for c-Kit, DOG1, and CD34, but not for CK (Figs. 2, 3 ). There was a subtle difference in intensity of c-Kit staining between the epithelioid and spindle cells (Fig. 2D) . Interestingly, the expressions of CD34 and CK were mutually exclusive between the epithelioid and spindle-cell areas. Direct sequencing of the KIT gene was performed in both sense and antisense directions in order to verify the results, using formalin-fixed, paraffin-embedded tissue from both areas and an ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Grand Island, NY, USA), following the supplier's recommendations. Sequencing revealed mutations in exon 11 codon 557 of the KIT gene in both areas. At a two- month follow-up appointment, multiple liver nodules with low attenuation were detected by abdominal CT, which were thought to be metastatic lesions. At an 18-month follow-up appointment, abdominopelvic CT revealed no change in size or attenuation of the nodules. The patient had been treated regularly with imatinib mesylate, and there was no evidence of tumor progression at 78 months after the operation.
DISCUSSION
CK expression in GIST is a rare occurrence that may lead to diagnostic difficulty and errors.
3,4 Some authors described misdiagnosed epithelioid lesions, such as poorly differentiated carcinomas and angiosarcomas, which were eventually diagnosed as GIST. 4, 6 If spindle-cell components or epithelioid cells with unusual morphology and immunophenotype are present, other potential diagnoses should be considered, and additional ancillary tests are needed to make an accurate diagnosis. Several reports have demonstrated that GIST may have CK-positivity with variable intensities and patterns. [2] [3] [4] [5] [6] CK expression in GIST using monoclonal CK antibodies, such as CK18 or CK8, has been evaluated in several studies, and these studies support the conclusion that CK-immunoreactivity is more frequently noted in the epithelioid area than in the spindle-cell area (Table 1) . However, another study of 687 GIST cases reported that the frequency of CK expression does not depend on cell morphology. 7 Thus, it seems that a higher rate of CK-immunoreactivity in epithelioid GIST might be due to a selection bias. In practice, we usually conduct CK immunostaining for epithelioid le- sions but not for spindle-cell lesions. In addition to GIST, CK-positivity has been observed in some mesenchymal tumors with epithelioid morphology, such as epithelioid angiosarcoma, epithelioid sarcoma, Ewing's sarcoma/ primitive neuroectodermal tumor, leiomyosarcoma, or schwannoma. Aberrant expression of CK is known to be a result of aberrant synthesis of CK by tumor cells or cross-reactivity to other intermediate filament proteins. 8 In a study of biphasic (mixed pattern) GIST, CD34 immunoreactivity was shown to be weaker in the cellular and mitotically active epithelioid areas than in the spindle-cell areas. 9 Metastatic nodules of GIST tend to reveal epithelioid histomorphology with a higher mitotic index, whereas the primary lesions tend to have spindle-cell features with lower mitotic activities. Another study of a precursor lesion of sporadic GIST demonstrated that all minute GIST cases had spindle-cell patterns. 10 In the present case, the tumor was predominantly composed of epithelioid cells rather than spindle cells, and showed similar mitotic activity in both epithelioid and spindle-cell areas. Despite the lack of immunoreactivity for CD34 in the epithelioid area, there was no evidence that the epithelioid area implicates an advanced lesion.
We presented a case of GIST with a biphasic (mixed epithelioid and spindle cells) phenotype and distinct immunohistochemical profiles. CK immunoreactivity in the epithelioid area can be a diagnostic challenge unless tumor cells reveal immunoreactivity for c-Kit and DOG1.
